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Development of aVision-Based Human-Robot

Collaboration System

Student: Shun-Sheng Chuang Advisor: Dr. Kuu-Young Young
Institute of Electrical Control Engineering

National Chiao Tung University

Abstract

Robot applications nowadays are also going to human=robot collaboration,
which not only increases the flexibility, but asoits efficiency. However, under the
cellular manufacturing module, 'the distance between human and robot are much
shorter than ever. Due to unexpected events ‘that- may. happen in the working
environment, it demands in-time response to avoid damages to the human operator.
We thus propose developing an inspection system, so that the robot can recognize its
nearby environment and also unknown obstacles. The main research topics include
fast computing and fusion methods for the data from human skeleton tracking sensors
and 3D robot trgectory. We use Kinect vision system to detect unexpected
environmental changes, and also come up with a real-time collision avoidance
approach for safe human-robot collaboration. A real-time virtual manipulation system

is developed and experimentally validated.
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2.3.2 #FR K%
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(1),  BiTHmP PF > i B FF et EEIER R e ]
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¥ TP Pos b S A pRde oS A ks g () L F B P chin R
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Ljatt :Ek(a — R)Z (2.7)

Fo.= —grad(U,) = -k(R- /= KP- B (29

—

Bo Uy and 3o F at A KRS Ak T H AR TR (T

BeariRMRE 548U a5 R nldgheT .

rep

0 > forp=zp,
Urep: 1 (1 1j2 (2.9)
=n|—=—-—1 > forp<p,
2\p P
0 forp=p,
F.,= —grad(U 2.10
= ~grad(U,,)= ,7[1__1]_126'0 » for p< p, (2:40)
p p)p°OX
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B1-3-5 MITSUBISHI RV-2A 2 i & & 385 7 3 ]

Al

dRI35 §ETPBAREEE PR A BB X BEINERE p, T E 40T

pw,

pw={ pw, | =p-da (3.3)
pwW,

A

WE A BRI AP F 2 phA AR kS

W, pw, | [ pw+ s py-a,
1 W _ +
P (aoys| P 1| TP d (3. 4)
p'w, pw, S PW+ ¢ py
1 1 1
GF]I—L? ' iE I‘J
~SpW+ g pw= pw=0 (3.5)
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6, = Atan 2(pw, , pw )
or

6, = Atan 2(pw, , pw )t 77

oA efEd APEES - B Yhd B 37T N Fa

@=Atan2p'w, , p'w)

r=(p'w)? +(p'w)?

I =y(@,)" +(d,)*

y=tan® €)
&

{92=§0
63:_1/

Fr>l+a,

¥

r<l+a, s Bl

I#'=r*+(a,)’ - Za, cosl |

a =cost M)

2ra,

B =cos’ Fz + ;; (a2)2)

6,=p-a
&=a+p-y

{92 =pta
6,=—a-B-y
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SRR LY ST R UL §S

TR S
RS =R2(6)R46,R%(6) (3.18)
BEAPT @R ARAERARHTE F 2 AR e s
N o &
R:=(RY'R=RRR:=|n’ 03 a’
PR (3.19)

CE&EG=S% ~GGE $5 &

=|SESFCE o SESH 06 5

86 —5G G

4 (3.19) & > » 4O(0,7) > MIAPET A E A w3 T 2 dhcnfRdhoT

6, = Atan2(a; , &)

8, = Atan2([@ F + @) . &) (3.20)

g, =Atan2(0},n’

% 6,0(-m0) > RI2Pe @5 - BfE:

6, = Atan2@ ,a; )

6, = Atan2(,[ @ + @) &) (3.21)

g, = Atan2©’, 1°)
S € KRB L TF A FI(E 3-2 )i Rl

. if 8<8a.

I min I

9 = 9 if Blmm < Bl < Qmax

eimax If 91 > eimax

(3.22)

BHPi=1,2,...,6 &2 B#o AL FMETEE D hE B A A B T

Flenge FIp e
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FLRE™ 6 > mastersfhfie s - o % 0 &F S~ KR o slave sl 4 F 4
] B R A AR ALE £ R -Kinect- B A RS A B Y KPR AR L
P edT ® R G Intel Core i5-3450 CPU 3. 10GHz» #* a2 B e 53 F 2
PORJE S R (FHauEE 0 ¥ b A 8.00GB ez a4 k2 + 5 NVIDIA GeForce
GTX 550 Tio 45T KA PR AL AhH2 28 F Ay f2Lirg cd 48 > 12

3 % 38 R RY endF BT AR o

3.3.1 Mitsubishi RV-2Ap = dihi$ 5+ &F

v v GBS S P& MITSUBISHI 2.2 7 2 Aéh RV-2A » il B
LR gEpeehfr 41 A L 3% 2 P e CR1-5700 B 3-6 5 £ 4] B'CR1-571% j » Fl
3-7 5 B AF RV-2A ¢hji > 3-25 W B £ AF RV-2A chflfh ok sk * 0 i C
#% BT VOH B ERA > b AT ET SR AL ) RS B R TR
#é @i CRL-571 CRI-571E #f RV-2A T #7444 I p¥ CRL-571 w @

WEREFOY w &R TAE BERL G 300 CRISS71 4 B4 £ W 5 5

B 3-6 CR1-57137 4] % # g [25]
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B 3-7 Mitsubishi RV-2A + $ihi$ B £ &F ¢ g[25]

4 3-2 Mitsubishi RV-2A = fiis B £ &= 412 4 [25]

6-axis type 5-axis type
Mode! : - -3a) | RV-3aM
Degrees of freedom. 6 5
Driving method AC servomotor (J1=J3.and J§ axis brake attached)
Position sensing method Absolute encoder
Maximum kad capacity fraling) | kg 2 3
Maximum reach fadius | mm 621 630
J1 320 (-160~+160)
Jz2 180 (—45-+135)
Working J3 Ded 120 ( +50~1+170) 135 (0~+135)
area J4 : 320 (-160~+160) —
J5 240/=120-+120)
J6 400 (~200~+200)
J1 150
J2 150
Maximum J3 Dea s 180
speed Ja o 240 —_
J5 180
Js 330
Repeat position accuracy | mm +0.04
Ambient temperature °C 0-~40
Weight ko | Approx.37 | Approx.3s | Approx. 33 | Approx. 34
6 wires for hand-check work (4-point inputs and 2 power
supply lines, the hand unit); 4-point outputs for air-hand
Tool wiring *1 (the shoulder unit); 1-point output for motor-driven hand
(the hand unit); 4 spare wires (0.3 mmz2 in size, arrangad
from the base through the end of fore-arm).
Primary: Primary: Primary: Primary:
. 06x2 porls | @6x2pons| 06x2pons | @6x2 porns
Tool air-tubing Secondary: | Secondary: | Secondary: | Secondary:
04x4 ports | @4x6 ports | @84x4 porls | ©4x6 poits
Protective structure P20 IP54 IP30 IP54
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4 3-3Mitsubishi RV-2A+ il B £ BF 1= 4] B 4L 15 4 [25]

Model Units CR1-5T1
Path control method PTP control and CP control
Number of controlled axis AXiS Concurrent control of up to 6 axes
CPU 64bit RISC/DSP
Indirect interpolation, direct interpolation,
3-dimensional radil interpolation, palletizing,
Main functions condition branching, subroutines, multi-tasking,
optimum adjustable speed control, optimum
override control, optimum route connection, etc.
MELFA-BASIC IV or MoveMaster language
Programming language (MoveMaster Command)
Position teaching method Direct and remote teaching, and MDI method
Numbsr of taaching points | Point/prg 2,500
m Number of steps Stepipra 5,000
Number of programs Program a8
General-pumosea :
g input fu_rt[-gmrpo Pc)h? 1616/ (max.when using options: 240/240)
input/ Exclusive Point | Allocated by generaloutput (1 “STOP” point is fixed)
output | Hand openingiclosing Paoint 4/0 (Whenusing options: 4/4)
Door-switchuinput. Point 1
RS232C Port | w{forthe connection of aPC, vision sensor, etc.)
RS422 = 7  [I—Port | (forexclusive tothe conpection of teaching box)
Interface | Hand-exclusive slol | Slot |1 (electric hand and pneumatic hand interface only)
Expansicn slot *2 Siot | 0 (when oplion is used: 3 [for.expansion oplions])
Robot input/output Channel 1 (for connecting parallel VO unit)
Ambient temperature L 0-40
Ambient humidity | %RH 4585
Power | Input voltage limit V 180-242VAC, single phase
supply [ Power capacity %2 kVA 0.7
Grounding Q 100 orless (D type grounding)
Structure Self=stpporied floor type, open structure
Qutside dimension *¢ mm 212 (W)»290 (D)=151 (H)
Weight +4 kg Approx. 8
Protective structure IP20 (IP54: when using CR1 protective box)
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3. 3.2 Kinect

Bl 3-8 % 7 Kinecteshjm » ¢ B ergraf £ 44 Ler RGBS ¢ BB > 2

A @A G g B e R CMOSHER S T < 3D IRAR B &

XBOX ¢fi#fl & 25 ¢+ Kinect 1 & 4% 3D i# A& & & B 1 Rise jids (v sk

oS P]E o KR p RS (IR )EEY > £ 3-4 5 Kinectsh g & 38 A 24 -

3D DERTH SENSO]

B 3-8 Kinect ¢} &

# 3-4 Kinect & ~ 4L %
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